A procedure was designed which enabled the detection of ex planta nitrogenase activity in the fast-growing cowpea Rhizobium strain IHP100. Nitrogenase activity in agar culture under air occurred at a rate similar to that found for Bradyrhizobium strain CB756 but lower than that for Rhizobium strain ORS571. Hybridization studies showed that both nod and nif genes were located on a 410-kilobase Sym plasmid in strain IHP100.
A procedure was designed which enabled the detection of ex planta nitrogenase activity in the fast-growing cowpea Rhizobium strain IHP100. Nitrogenase activity in agar culture under air occurred at a rate similar to that found for Bradyrhizobium strain CB756 but lower than that for Rhizobium strain ORS571. Hybridization studies showed that both nod and nif genes were located on a 410-kilobase Sym plasmid in strain IHP100.
Rhizobium strains have the ability to reduce atmospheric nitrogen by using the enzyme nitrogenase when they are in symbiosis with a suitable plant host. It was believed that these bacteria were obligate symbionts with regard to nitrogen fixation until the discovery in 1975 by Kurz and La Rue (17) , Tjepkema and Evans (30) , McComb et al. (18) , Pagan et al. (19) , and Keister (13) that specific strains are capable of nitrogen fixation while in the free-living state if they are under the proper conditions. These workers and subsequent work in this field (9, 10, 12, 14-16, 20, 21, 23, 27, 35) have shown that asymbiotic nitrogen fixation is almost entirely restricted to slow-growing strains of Rhizobium, now classified in the genus Bradyrhizobium (11) .
Fast-growing Rhizobium strains commonly have the genes required for nodulation (nod), the structural genes for the enzyme nitrogenase (nif), and the genes needed for symbiotic nitrogen fixation (fix) located on a Sym (symbiotic) plasmid (4). The localization of these genes on Sym plasmids greatly facilitates genetic analysis; however, study of the expression of nif and possibly offix genes ex planta would aid in the understanding of free-living versus symbiotic nitrogen fixation. Although many Bradyrhizobium strains have the ability to fix nitrogen ex planta, the use of these strains for such a study is prohibited by slow growth rate, difficulty of genetic manipulation, and absence of Sym plasmids. The availability of a fast-growing Rhizobium strain that could fix nitrogen ex planta and also carried nod, nif, andflx genes on a Sym plasmid would be ideal for this work.
Kurz and La Rue (17) were the first to induce free-living nitrogen fixation in fast-growing Rhizobium leguminosarum. However, activity for this strain (R. leguminosarum TA101) was low in comparison with that obtained for Bradyrhizobium strain 32H1. Stam et al. (29) and de Hollander (Ph.D. thesis, Vrije Universiteit, Amsterdam, The Netherlands, 1981) were able to induce nitrogenase activity ex planta in R. leguminosarum and Rhizobium trifolii, respectively. However, this induction of activity was only possible under the strictly regulated conditions supplied by a chemostat. These strains are therefore less suitable for genetic studies requiring a simple rapid assay, such as that used for the expression of ex planta nitrogenase activity by Bradyrhizobium. A notable exception among Rhizobium strains is the Sesbania rostrata stem nodule isolate ORS571 (6) , which * Corresponding author.
resembles Klebsiella spp. with regard to its high rate of free-living fixation and also in its ability to use the products of fixation as a sole source of nitrogen for growth (7, 8) . However, strain ORS571 does not possess a Sym plasmid and has been difficult to mutate by using the procedures that have been proven successful with other fast-growing rhizobia (Rolfe, unpublished data).
In this paper we describe the isolation of fast-growing cowpea Rhizobium strain IHP100 which carries a Sym plasmid, can be mutated with transposon Tn5 (Rolfe, unpublished data), and resembles Bradyrhizobium spp. in its ability to reduce acetylene in agar culture.
Strain IHP100 was isolated from root nodules of the tropical legume Cajanus cajan (pigeon pea) by J. V. D. K. Kumar Rao, International Crop Research Institute for the Semi-Arid Tropics, Hyderabad, India (unpublished data). The original culture obtained by us consisted of a mucoid and a nonmucoid colony type when grown on yeast mannitol (GMY; 2) agar. To establish purity, cultures derived from single colonies of both colony types were passaged three times through nodules of Macroptilium atropurpureum (Siratro) by using the sterile conditions provided by an agar plate assay (5, 24) . Bacteria from each nodule isolation were suspended and then diluted in a 0.01% solution of Tween 80 detergent before being plated out for single colonies. Examination of bacterial dilutions by phase-contrast microscopy showed that bacteria occurred as single cells and were not clumped in aggregates as sometimes occurs in suspensions without detergent. This procedure was adopted to ensure that single colonies used to establish cultures had been derived from a single cell and not from aggregates of cells containing nitrogen-fixing contaminants. Purified cultures obtained by this procedure retained the ability to effectively nodulate pigeon pea. A culture of the nonmucoid colony type was then chosen for subsequent studies. A generation time of 3 h in GMY liquid media, single colonies of 1-mm diameter after 4 days on GMY agar, and maximum growth when using sucrose as the sole carbon source clearly place strain IHP100 among the fast-growing rhizobia (32) . To induce asymbiotic acetylene reduction, the following method was designed. Bacterial cells were first precultured in GMY liquid at 30°C. A total of 1 ml of mid-log-phase cells (washed once in distilled water) was added to a rimless test tube (18 by 200 mm) containing 3 ml of agar medium precooled to 47°C. G salts (2) gas. The cultures were incubated at 28°C, and air samples (0.2 ml) were analyzed for ethylene content by using a 5720A gas chromatograph with flame ionization (Hewlett-Packard Co., Palo Alto, Calif.). The level of activity for strain IHP100 (Fig. 1 ) was similar to that obtained for the broad-host-range IHP100 cowpea Bradyrhizobium strain CB756. Rhizobium strain ORS571 reduced acetylene at a far higher rate, and ethylene was detectable within hours rather than days (Fig. 1) . A lower level of activity was obtained with strain IHP100 when CB756 D-mannitol-succinate, D-mannitol-pyruvate, and Darabinose-pyruvate were used at a 40 mM concentration than when D-arabinose-succinate (40 mM) was used. Carbon-source concentrations below 40 mM also reduced activity, as did the use of each of these carbon sources alone rather than in paired combinations. Similar nutritional requirements for ex planta nitrogenase activity have also been observed for Bradyrhizobium strains (3, 8, 9, 19, 20, 23, 35) . Unlike Bradyrhizobium spp. and other Rhizobium strains, strain ORS571 has the unique ability to grow by using nitrogen fixed by nitrogenase as a sole source of nitrogen (7) . Whether the same is true for strain IHP100 remains to be determined and would require the strictly controlled condi-2 4 6 8 10 12 14 tions provided by a chemostat.
Recently we have reported that strain IHP100 contains DAYS four indigenous plasmids (1, 22) . On the basis of the desigmne reduction in agar culture for cowpea Rhizo-nations used by Sciaky et al. (26) , these plasmids were )0, Sesbania rostrata stem nodule isolate strain named pRc plasmids (Fig. 2, lane A) . The four plasmids were lyrhizobium strain CB756. Each point represents transferred from an agarose gel to a nitrocellulose filter (28) replicates. and hybridized to heterologous 32P-labeled probe DNA. To check whether structural nitrogenase genes were located on the plasmid, the nifH and nifK genes from Bradyrhizobium n. Monosodium glutamate (3 mM) was used strain ANU289 (33) were used as probes. Both clones surce with 40 mM D-arabinose and 40 mM pPR289nif-7 (nifH) and pPR289nif-3 (nifK) showed positive ate as carbon sources. The final concentra-hybridization to only the 410-kilobase (kb) plasmid 1%. The tube was plugged with a size 33 (pRclOOc). Hybridization for pPR289nif-7 is shown in Fig. 2 Electrophoretic characterization of plasmid and digested total DNAs of Rhizobium strain IHP100. Lane A, Visualization of four resident plasmids in strain IHP100: pRclOOa, pRclOOb, pRclOOc, and pRclOOd. ch, Chromosomal DNA. The plasmid profile was obtained by using a modified gel electrophoresis technique (22) . Lane a, Autoradiogram showing hybridization of pPR289nif-7 (niffH) probe to plasmid pRclOOc; lane a', autoradiogram showing hybridization of the R. trifolii DNA probe pRt572 containing nodA, nodB, nodC, nodD, nodE, and nodF genes to plasmid pRclOOc. pSym, the Sym plasmid. Lane B, Size standards (kb) of HindIII-cleaved A c1857 DNA. Lane C, EcoRI digest of strain IHP100 total DNA. Lane c, Autoradiogram showing hybridization of R. trifolii nod probe (pRt572) to bands of approximately 7.2 and 3.8 kb. DNA fragments were analyzed in 1% agarose gels as described previously (25) . DNA transfer from agarose gels to nitrocellulose filters was performed by the method of Southern (28) . The hybridization method used was described previously (34) . VOL. 51, 1986 FM APPL. ENVIRON. MICROBIOL. EcoRI fragment containing a segment of R. trifolii ANU843 Sym plasmid DNA (that included the common nodulation genes nodA, nodB, nodC, and nodD as well as nodE and nodF), was also used as a hybridization probe. Hybridization of a strength similar to that already shown for the nifH probe was obtained only to pRclOOc (Fig. 2, lane a' ). On this basis, we have named pRclOOc a Sym plasmid.
When pRt572 plasmid DNA was hybridized to a total DNA EcoRI digest of strain IHP100, two homologous DNA fragments (7.2 and 3.8 kb) were detected (Fig. 2, lane c) . This is consistent with the hypothesis that the arrangement of the nod genes used as a probe was different from that found in strain IHP100. The vector portion of pRt572 did not hybridize to both IHP100 plasmid and total DNAs (data not shown).
Rhizobium strain IHP100 occupies a unique position among rhizobia. It resembles R. trifolii, R. leguminosarum, and the fast-growing cowpea strain NGR234 (31) both in terms of cultural morphology and the possession of a Sym plasmid carrying both nod genes and nif structural genes. However, unlike these rhizobia, strain IHP100 has the ability to reduce acetylene in agar culture in a manner similar to that of Bradyrhizobium. The availability of a Rhizobium strain which has nif genes located on a Sym plasmid, can be readily mutated by using the transposon TnS, and exhibits in vitro nitrogenase activity overcomes the problems inherent in studying the genetic regulation of nitrogen fixation using Bradyrhizobium and strain ORS571, neither of which contain Sym plasmids and both of which are difficult to manipulate genetically.
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